Annealing with and without encapsulation
shows the effect of HSQ encapsulation. These experimental results demonstrate changes in shape, size, and surface roughness of gold structures that were fabricated with electron beam lithography and subsequently annealed.
Figure S1 | Annealing with shape preservation. SEM images of EBL patterned structures before and after annealing at a high temperature of 800℃, with and without the shape-preserving HSQ encapsulation.
EELS spectroscopy
Monochromated EELS was performed in scanning TEM (STEM) mode using an FEI Titan with Schottky electron source. The microscope was operated at 80 kV, and a STEM convergence semiangle of 13 mrad was used. A Wien-type monochromator and a narrow energy-selecting slit formed a monochrome electron beam with typical full-width at half-maximum values of 70 meV, focused to a probe with a diameter around 1 nm. A Gatan Tridiem ER EELS detector was used for EELS mapping and spectroscopy, applying a collection semiangle of 12 mrad. EELS was acquired with a modified binned gain averaging routine 1 : individual spectra were acquired in 40 ms, using 16 times on-chip binning. The detector channel-to-channel gain variation was averaged out by constantly shifting the location of the spectrum on the detector and correcting for these shifts after the EELS acquisition was finished. A highquality dark reference was acquired separately, and used for post-acquisition dark signal correction. The EELS spectra shown are summations of all spectra acquired in spectrum images in the first 1-5 nm off the metal surfaces. The quasi-elastic background signal was corrected for by fitting and subtracting a highquality spectrum without plasmon peaks.
EELS mapping was done in Spectrum Imaging mode by scanning the small electron probe in a rectangular raster of pixels, while at each pixel an EELS spectrum is collected and stored. After data processing as described above, 0.1 eV energy windows around the plasmon peaks of interest were used to image the EELS intensity in each pixel in linear scale. The obtained EELS intensity maps were then color-coded. Figure S2 plots the relative permittivity of gold for different damping factors.
The relative permittivity of bulk gold
Figure S2 | Damping vs. permittivity. The imaginary (a) and real (b) parts of relative permittivity of bulk Au, the fitted curves with the Drude-Lorentz model, and calculated curves with damping factor α = 1.0, 1.3 and α=1.8. Note that the differences in Im{ε} is seen only for energies < 1.6 eV, while changing α has little effect on Re{ε}.
Peak shifts due to rod length, substrate thickness and dielectric environment
Figure 3(a) in the main text shows experimental EELS data taken before and after annealing, measured on the rod that was imaged in Fig. 2(c) . It can be seen that annealing causes a blue shift of the plasmon peaks that increases with resonance energy; a trend that is observed in all our experimental data. What causes this peak shift?
Firstly, as was seen in Fig. 2(c) : annealing shortens the rod, in this case from 454 to 446 nm in length. This shortening of the resonator length is the first cause of the plasmon peak blue shift. However, as can be seen in Fig. S3(a) below, the blue shift due to the length reduction is much smaller than the large shift we observe experimentally. More factors must be responsible for our observation.
In Fig. S3(b) , we show that increasing the damping factor α from 1.0 to 1.3 does not have a great effect on the resonance frequency. The presence of a dielectric shell around the gold does have an effect, but it causes a red shift. A potential dielectric shell can for example originate from organic contaminants. However, before doing EELS measurements, the samples were always cleaned in an oxygen plasma, ruling out this factor. Measurements were also done at room temperature, so ice forming in the TEM vacuum can be excluded. The presence of HSQ traces after annealing and etching is in principle possible, but that would cause a red shift, as shown below, not the blue shift that we observe. We therefore exclude the presence of significant amounts of remaining HSQ. One factor that cannot be excluded is the partial etching of the Si 3 N 4 substrate during the brief immersion in HF. The green plot in Fig S3(b) shows that this effect indeed causes a blue shift of the plasmon peaks, more strongly so for increased resonance energy, which is also what we observe experimentally. Our simulations also show that the effect of a 5 nm thinner substrate on the Q factor is rather small: the first peak shifts from 0.523 to 0.555 eV, causing a Q-factor increase from 6.42 to 6.55 (+1.9%), while the second peak shifts from 1.31 to 1.41 eV, this time causing a decrease of the Q-factor from 18.45 to 18.00 (-2.4%).
We therefore conclude that the observed blue shift after annealing is caused by a combination of factors, including the reduction of the rod length during annealing, and the thinning of the substrate during etching. 
Shape of chemically synthesized nanorods
The chemically synthesized gold nanorods used for the EELS experiments were somewhat faceted, but overall rather round in cross section, as can be seen from the TEM and SEM images in Fig. S4 .
Note that in the SEM images, the nanorods are mostly viewed at an angle, not exactly perpendicular or parallel to the rod axis. TEM images on the other hand, are projected views of the particles and most three-dimensional geometric information is lost. Nevertheless, some faceting is observed in both TEM and SEM images, but no sharp corners are observed. Fig. S6 show that in the absence of the substrate, the field distribution outside the metal is higher in intensity. Conversely, in the presence of a substrate, field localization occurs at the metalsubstrate interface, for plasmon energies above ~1.6 eV. 
Simulations in

The effect of surface roughness
Simulations in Fig. S7 show that the introduction of surface roughness to the nanostructure surface has very little effect on the plasmon line shapes. 
